SUMMARY Vessels within the lymphocytic infiltrate in 161 examples of 24 different diseases have been studied using light and electron microscopy and histochemistry. Hitherto undescribed venules have been identified within lymphocyte aggregates which exhibit a structure, ultrastructure and cytochemistry previously believed to be restricted to the high endothelial venules of lymphoid tissues. The significance of these findings is discussed within the context of lymphocyte migration into abnormal tissue.
Tissue lymphocyte infiltration occurs in response to many different pathological stimuli. Although their function is often unclear, lymphocytes are believed to play an important part in initiating and modifying disease processes. Despite their importance, little is known of the factors stimulating and controlling lymphocyte migration from blood into the affected tissue. ' Physiological lymphocyte migration, into lymphoid tissue, has been intensively studied over the past few years.23 In these organs lymphocyte traffic from blood occurs, almost exclusively, across the walls of specialised venules4 which have a unique morphology and histochemistry.5 6 Vessels with these characteristics have not been described outside the lymphoid organs in health, but vessels with a similar ultrastructure have been found in experimentally induced chronic inflammation in laboratory animals,7 raising the possibility that vascular specialisation for accelerated lymphocyte diapedesis may not be restricted to the lymphoid organs.
In this study a number of human diseases with an associated lymphocytic infiltrate have been examined to determine if any of the local blood vessels exhibit features suggestive of specialisation for selective lymphocyte traffic from circulation to tissue.
Material and methods
The study material consisted of biopsies from 161 patients with various pathological conditions associated with lymphocytic infiltrates. In every case, tissue Accepted for publication I September 1982 was processed for paraffin 'wax embedding and, where possible, samples were taken for histochemistry and electron microscopy (Table 1) .
PARAFFIN WAX EMBEDDING
After fixation in 10% neutral buffered formalin, Holt's syrup.9 Cryostat sections (7 ,um) were cut the following day and a simultaneous coupling azo-dye technique employed for localising the enzyme nonspecific esterase (NSE). This em' oyed a method devised in this laboratory'0 wherety tissue sections are incubated at 37°C with a-naphthyl propionate for 30 min, the position of the final reaction product being displayed with fast garnet GBC.
ELECTRON MICROSCOPY
Small portions of tissue were fixed for 4 h in 2-5% glutaraldehyde in 0 1 M sodium cacodylate buffer pH 7-4 at room temperature. The specimens were then washed in 0 1 M cacodylate buffer and minced into 1 mm3 cubes. This was followed by postfixation in 1% osmium tetroxide in cacodylate buffer pH 7-4 at 4°C For comparison, samples of normal tissues and diseased tissues without lymphocytic infiltrates were also examined by light and electron microscopy using identical processing protocols (Table 2) .
Results
Although the majority of small blood vessels in the diseased tissues had an identical morphology and histochemistry to those flat endothelium-lined vessels found in normal tissue, areas of lymphocyte aggregation also contained another small, but easily distinguishable, population of vessels. These vessels had the general appearances of venules ( Fig. 1) , varied from 20 ,um to 100 pLm in diameter, were lined by between three and 10 cells in transverse section and, whilst distributed throughout areas of lymphocytic infiltration, were found most commonly at their periphery.
The number and size of the vessels varied with the lymphocyte density. They were readily seen when the numbers of lymphocytes exceeded 150/mm2 but semiserial sectioning was often required to demonstrate their presence when the density was lower, and none Fig. 1 (Fig. 2) . The cells lay on a thick densely eosinophilic basement membrane with an irregular outer border. Within the lumen, between the endothelial cells, within the basement membrane and surrounding the vessels, often in concentric circles, were large numbers of lymphocytes.
Cytoplasmic metachromasia could be demonstrated with azure A and was abolished by pretreating the sections with ribonuclease. The cytoplasm was also pyroninophilic, unlike that of the flattened endothelial cells and the basement membrane stained strongly with PAS.
Non-specific esterase was demonstrated in the vessels giving an intense diffuse cytoplasmic reaction in the endothelial cells (Fig. 3) . The only other types of vessels with any degree of non-specific esterase positivity were arterioles, but here the stain was weak and restricted to a few perinuclear granules.
Although in many respects the plump endothelium differed from the more common flat endothelium only in a quantitative manner ultrastructurally, certain features found in the former were absent from the latter. The plump endothelial cells were characteristically squamous or cuboidal (Fig. 4) , the cytoplasm having the appearance of ground glass. The nuclear morphology reflected the appearances seen with the light microscope with the exception that in preparations for electron microscopy, some nuclei showed surface irregularities and occasionally deep narrow clefts (Fig. 4) . Many mitochondria were present in the cytoplasm as were frequent cistemae of rough endoplasmic reticulum often in conjunction with Golgi vesicles. The major cytoplasmic components were large numbers of free ribosomes between which ran fine myofilaments. Several different membrane bound vesicular structures were seen in the cytoplasm including residual bodies with heterogeneous contents, Wiebel-Palade bodies and multivesicular bodies with up to 20 vesicles of variable size in a dense matrix (Fig. 5) . Absence of intercellular junctions was noticeable although at the bases of the cells blunt lateral interdigitations were seen. The thickened basement membrane described at light microscopy was found to consist of a complex of basement membrane, collagen fibres, and pericyte processes.
Lymphocytes were found within the lumen of the vessels, between the endothelial cells and within the basement membrane complex (Fig. 4) where they were often compressed circumferentially about the vessel. These cells were almost invariably small lymphocytes but very occasional transformed lymphocytes were also seen in the vessel wall. (1) '3 a situation analogous to that normally operating in lymph nodes. Here circulating lymphocytes selectively migrate into the internal labyrinth of the node by passage across the walls of specialised venules in the paracortex known as high endothelial venules'4 (HEV) because of the unusual plumpness of their endothelial cells.
HEV were first described in 1898 ' and subsequent studies in laboratory animals have shown, not only that they represent the sole site at which circulating lymphocytes enter the node, but also that they have a unique structure,'6 ultrastructure' '1 and histochemistry,'9 which distinguishes them from all other blood vessels.
In a recent description of human HEV, several morphological and cytochemical features were reported to be peculiar to these vessels.20 These features include some which may be demonstrated in paraffin-embedded tissue using routine stains. HEV are recognisable as venules lined by large endothelial cells, frequently cuboidal in shape, containing pale open nuclei, with a single central nucleolus, copious cytoplasm which displays pyroninophilia and ribonuclease labile metachromasia and a thick basement membrane staining strongly with eosin and PAS.
Other distinguishing characteristics are the intense granular cytoplasmic reaction for non-specific esterase in the endothelial cell cytoplasm and the ultrastructural appearances. These latter include biosynthetic organelle clusters containing Golgi vesicles, rough endoplasmic reticulum and mitochondria, much cytoplasmic RNA in the form of-free ribosomes, numerous cytoplasmic myofilaments, frequent membrane-bound lysosomal structures (residual bodies and multivesicular bodies), an absence of cell junctions and a basement membrane, interwoven collagen fibres and pericytes. Of particular note are the large numbers of lymphocytes in the vessel lumina and within the various layers of their walls.
Several investigators have suggested the specialised function and unique microscopic appearances may be linked and a few have demonstrated a relation between metabolism, structure and lymphocyte diapedesis.2' On the basis of these studies, it is becoming apparent that not only do structural and cytochemical characteristics distinguish this set of blood vessels, with specialised function, from all others but that they also represent an integral part of that function.
This correlation of function and structure raises the possibility that, within the context of lymphocyte migration into any tissue, vessels exhibiting the microscopic features of HEV may share their specialised function.
In this study a population of blood vessels, exhibiting those features previously reported as specific to HEV, has been identified in the lymphocytic infiltrates associated with several completely unrelated disease states and may therefore, represent the site at which circulating lymphocytes gain access to the tissue. As it has not proved possible to obtain direct evidence for these HEV-like vessels being the route of lymphocyte migration into infiltrates in humans, evidence for this function is only circumstantial; nevertheless there are a number of observations which would support this possibility. Firstly, the vessels are identical in all histological respects to lymph node HEV; secondly, they have a more intimate relation with lymphocytes than all other vessels; thirdly, vessels with the characteristics of HEV are not found in normal tissue, nor indeed outside areas of lymphocyte infiltration in diseased tissues and, finally, serial sections show that infiltrates containing significant numbers of lymphocytes (> 150/mm2) will always contain vessels of this sort.
Thus there would appear to be a small, hitherto undescribed, group of venules within areas of lymphocytic infiltration which may well be the site at which lymphocytes preferentially enter the tissue. These vessels may be recognised by their distinctive microscopic appearances, shared only by the HEV of lymphoid tissues.
The HEV-like vessels cannot be the only site at which circulating lymphocytes enter tissue as lymphocyte migration through healthy tissues, which do not contain these vessels, is well recognised. It is more probable that they represent a local vascular response facilitating the rapid transfer of lymphocytes into the diseased area. Whilst they suggest a possible route for lymphocyte migration from blood to diseased tissues, these observations apparently offer no direct information about its control; however, similarities between HEV and the vessels in lymphocytic infiltrates may indicate that the mechanisms by which HEV are believed to influence lymphocyte diapedesis may also apply to the HEVlike vessels.
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